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Effect of a frontal impermeable layer on the excess slurry pressure
during the shield tunnelling in the saturated sand

Lee-Yong Jun, Lee-Sang Duk

ABSTRACT Slurry type shield would be very effective for the tunnelling in a sandy ground, when the slurry
pressure would be properly adjusted. Low slurry pressure could cause a tunnel face failure or a ground settlement
in front of the tunnel face. Thus, the stability of tunnel face could be maintained by applying an excess slurry
pressure that is larger than the active earth pressure. However, the slurry pressure should increase properly
because an excessively high slurry pressure could cause the slurry flow out or the passive failure of the frontal
ground. It is possible to apply the high slurry pressure without passive failure if a horizontal impermeable layer
is located in the ground in front of the tunnel face, but its location, size, and effects are not clearly known yet.
In this research, two-dimensional model tests were carried out in order to find out the effect of a horizontal
impermeable layer for the slurry shield tunnelling in a saturated sandy ground. In tests slurry pressure was
increased until the slurry flowed out of the ground surface or the ground fails. Location and dimension of the
impermeable layer were varied.

As results, the maximum and the excess slurry pressure in sandy ground were linearly proportional to the cover
depth. Larger slurry pressure could be applied to increase the stability of the tunnel face when the impermeable
layer was located in the ground above the crown in front of the tunnel face. The most effective length of the
impermeable grouting layer was 1.0~1.5D, and the location was 1.0D above the crown level. The safety factor
could be suggested as the ratio of the maximum slurry pressure to the active earth pressure at the tunnel face.
It could also be suggested that the slurry pressure in the magnitude of 3.5~4.0 times larger than the active earth
pressure at the initial tunnel face could be applied if the impermeable layer was constructed at the optimal
location.

Keywords: Slurry type shield, Initial tunnel face pressure, Maximum slurry pressure, Excess slurry pressure
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D(m) Soil type Support pressure used

7.04 |cohesive soil earth pressure at rest

6.63 |gravel water pressure + 10~20 kPa

7.45 |sandy soil loose earth pressure + water pressure + fluctuating pressure

6.84 |[soft cohesive soil, diluvial sandy soil|active earth pressure + water pressure + fluctuating pressure(=20 kPa)

10.58 |sandy soil, cohesive soil active earth pressure + water pressure + fluctuating pressure(20 kPa)

7.25 |sandy soil, gravel, soft cohesive soil|water pressure + 30 kPa

7.45 |sandy soil, cohesive soil, gravel water pressure + 30 kPa

10.0 [sandy soil, cohesive soil, gravel water pressure + 40~80 kPa

Vol 13, No. 4, July 2011 349



Kanayasu(1995)= -2oll4] 21-8-5 ols=79F4] dEgie] BRXE 93t o9k A}
W olg Fakste] ® 12 AAIekAck
oo S 9151 o7 |9ke w279t 27hE 23} o]4=%(excess slurry pressure, Ap)
O 2 FAEh ARRARIA AEPS U 7o Ao, ot JdubEQl =273t
ok sk telusle Tefel] Slste] 2} ol Hgsigick
AR AP TA o]t BlE ] A7 wAIglo] AHE 2ol w20 kPags 2183t Ale 7
A 4= ek A7IA AL FpAlee s upg AR 27] wpgel 37 g o=
FAEITE AT o)A Anbe o 2 esl 24 AReEle 4] ()3 ZTHCOB Commissie,
1996).
S... =K, 0.+ p+Ap(20 kPa) 1)
3. D4y
3.1 &l
2 AtoMe A ATl (s 8t AREC A Eulare] ke 27] 9t A AAlste
ArSa 2IShe oIt A Bl o2 ARQITE Z0] 12 m, #°] 12 m, % 0.5 m =7]9]
221 2E AlE 7oA 0.5D(D =30 cm)X B3| 115 Z7HA)7]|3L AR eSS 7FsPHA] 7] 2Rkt
o ZASIYTHE 2, 1Y 2).
ERL 3239} AR E|A Eujileo] whE o ol Sk fI5te] 234 olTiet HPAE
& ANBIATHGE 3)
BoR 255G HEA SeamBO2 WARY 23} ol WSl A AT shelsha
QloflA] Arget 224 oot B AR U FAoA Ed]al, SeamF-2] 129 A7]of wh
£ ol% ZIHATS AIBIITHE 4, 5, 19 3, 4)
B2 X7 HYY EEALEY
A1 vy E3]31(D =30 cm) H 3
TDO5 0.5D
TD10 1.0D 44 stexdom dAE Ast
TD15 1.5D (140 kef, 260 kgf, 380 kgf, 500 kgf)
TD20 2.0D
stazistal=2y

350 sk=Egx|



st MEEOM HY xt4-50] HEEE 23} 0»0] DX HE

Hl

L=1.2m W=0.5m
2.00 2.00
1,50 1.5D
1,00 1.00
srase
Y 0.50 0.50
' o | §
. o w3 AEE TN 1
. D=30cm (or=o)
o I ‘\¥//
\et9i i\ otErol ‘
(50mm) D=30cm

1.50 -
— O
1.00 T |2
A
- EEE ORI -
S [Ttazs_ =0 |8
- (t=15mm) () _
XN 04 o
ECLEE - &8 |8
1,050 1 450 gi
\ 1,500 |

a3 3. 0147 ABUWD MSS 0/772))

B 3. 0|7ty 2E(Xt3 8l3)

1=l & 3] 31(H) A%

0.5D HO05S00L00

AP E(SP) 1.0D H10S00L00

1.5D H15S00L00

2.0D H20S00L00

H 4, O|p7tet (S&HT XtF 0|HAZ)
A wkzA B33 Seams A5
=°I(S) o] A A g(G)

0.5D -1.5D H15S05G-1.5

0.5D -1.0D H15S05G-1.0

0.5D -0.5D H15S05G-0.5

AL E(SP) 1.5D 0.5D 0D H15S05G00
0.5D +0.5D H15S05G+0.5
0.5D +1.0D H15S05G+1.0
0.5D +1.5D H15S05G+1.5

Vol. 13, No. 4, July 2011

351



b
8]
o
3
d
)
W
oo
>
£
ol
10
10
i
W
N
re
fon

A vtz A E T 31 (H) i Al &)
Ira=2a) AL al =
=0|(9) Zo|(L) e
0.5D 0.5D H10S05L05
0.5D 1.0D H10S05L10
1.0D
0.5D 1.5D H10S05L15
0.5D 2.0D H10S05L20
0.5D 0.5D H15S05L05
0.5D 1.0D H15S05L10
0.5D 1.5D H15S05L15
Lsb 0.5D 2.0D H15S05L20
' 1.0D 0.5D H15S10L05
1.0D 1.0D H15S10L10
1.0D 1.5D H15S10L15
1.0D 2.0D H15S10L20
A E(SP)
0.5D 0.5D H20S05L05
0.5D 1.0D H20S05L10
0.5D 1.5D H20S05L15
0.5D 2.0D H20S05L20
1.0D 0.5D H20S10L05
1.0D 1.0D H20S10L10
2.0D
1.0D 1.5D H20S10L15
1.0D 2.0D H20S10L20
1.5D 0.5D H20S15L05
1.5D 1.0D H20S15L10
1.5D 1.5D H20S15L15
1.5D 2.0D H20S15L20
| 2.00
(e}
1.50 =
(el
1.00 ==
2101(L) =)
] — A 3
« 2= | =0l ®
- (t=15m)  (S) _r
04 Ih
sgoi3Y Moo B g
| 1,050 l 450 Ei
1,500 |
|
I3 4. o7ty ME(Re52| /Al 27| HsEh

352 siEEIXEEZEEE=EY



Zot MEEOM HY xt4-50] HEEE 23} 0»0] DX Y

upge] 2Hgaks 7] ¢S Zo] 12 m, %ol 12 m, % 05 m 712 BPUH/|S Axsle]
Atk el 9113 vlejele] 2o Mxsle] shgwe] B9k ZAsIgom, HY A

of=E HA(t=20 mm)E ARSHHO0] Toka 2710 B =

ARt 1 20} ek E3 skl OJF ubger F7t G el gfstel 49

52 71HACE SIEASHE Aol Astehe AAska AlRel] RS EFHI 2§ s15o] 140,

260, 380, 500 kef7} H|=% B8-S Flete] upeto] QHgEl olF e ke Sekrk
olZ7Iot mal A7) 7101 15m, =0] 12 m, & 03 mo] FAo= d=

A B AN AT ST 5 9 220 ABPHOIIH 9). 945 £ ofay
A(t=20 mm) 2, PR 27102 ARSGHOH, o7t Al A3k AF D olre] FE R A%

H

s

WY 52 BEY 5 Uk 7Y 297 91% ARE b Fleh 28 vg@i 519tk
lo=]

O
chio] otk AR BiSiEk A Al A1 U sk sk ol st e

‘ 1500 L 500 ‘
} | f [
C ]
= |8
X .
» Slurry tank
Soil tank 450 Control Box
b L E— \
=
@[ < A<= Shield ~|-
o |||
! = =i
I 1] air compressor
Pore water
Pressure meter

2100

38 5. o|7te AR MHRE

Vol 13, No. 4, July 2011 353



emission tube Section A-A’
ﬁ“]:l emission tube

rubber
‘j:

NHead cutter
Pecesisesesescssssd

supply tube /
/ supply tube /

(@ B Has (b) AW T4

shaft support

rubber

| _Head cutter

HISAIA(KS F 2308) &, 7= Ales S35l 545 Felsiltt Eot

= =11 T1 o =
3t} A HAABKS F 2343)2 A3k F4A Hazen(1892) FA12 #g3te] A1gatgl
th4 2).
k =~ 100D}, 2
o7)A] k : BAl9(emdsec), Dio @ -FFE YU (cm)

Al3o]| 2fprZ 02 ARG RS BEAL JEEZAIF(KS F 2301, 2302), BAA] SHAAIF(KS
F 2303, 2304)& AAJ5lo] 24atgick, B BRvel o) CL(F449) YE)ol sheict HEd
Seam%©] F4ASE Hazen(1892)0) A F5AGE olg3te] WA TolArkA 3).

" 6 A|'x'50| I|H % M

AerE H|5(Gy) Vet Ntz Va
D10=0.08 mm
Cu=3.75 2.65 16.4 kN/m’ 12.6 kN/m’ 15.9 kN/m’
Cc =2.64
W a2z (9) A = (D) Zr=Hl(e) F=A k)
37° 88.5% 50.4% 1.76x107" cm/sec

354 sEEIXEBZEEE=EY



T

Ol5F
oo

Zoh AEEN A MY Xt50] =rE 1t 020 0iXl= G
B 7. X599 XHHEY
QI H I N AT A (wy) 24 A (wp) 2=A 2=(k)
D10 = 0.0073mm 5. 33%10°
Cu=10.0 42.5% 15.8% ' )
Cc=075 chsee
H 8 HIELIO|ES EM
S (%) < 12
-8 = (ml/g) = 10
257 HvF 0.75 ~ 0.85
pH < 11
Q= (#200 2 TH)(%) < 20
10005, 3
7|4, k ﬁlw‘%cm/seC) Dy, dH(em), C, : A
Ao AR ol AR HEFHAA HEEE MEUO|ES 5 %2 FH5e) T3l
24X17r0] QFABtAIR] Flofl ARgBHect.
35 APES 3004 ARl A
- 27) URRE 27931 o]
FAck 2 7)

[‘_EL

3.4 H8& =M
Aw 2] aERre A
Eua7kx) 245 Fol Aw

FAslsoll FEFS &1st7] flste] 4dA=
® axfjstE x5t
O AZ7| MA| =
Id GESHES
I I
" 7, =7| &Y S-A™E =M
Vol 13, No. 4, July 2011 355



7| M|

LLITPIenly

@ A=

@ AE MA

RS

@ ol

-

EX|

® of7tet

@ X[HI=A

g 8, 047t

bAA 4 91Ko] %

J|

o2 oj47} §EuEY ol

=371
=

o

FEs

ok ofnf o) B onE

%o
Gh

AHko] B/} &

=

At

=
=

E|]he)

e
e

HIS 30 mm

| o F01%]A]

s

7

52 ol53he S7HIA

By
=

lou & (.1 kPa/sec?

® AR o)4te] Zvle) 2w

9] ZAM Seam=2] HEFHS 7|=

2~
T

afef of

7

=0 =
= T

Z7¥stol A4

Fod

5]

g4 o= vl

Uk

A

)

9, 1% 9). whetd] e}

HolEt(#

eh=E{ x|

s

356



=

=

= O5F
- oo
=

500

6.8

9.0

11.2

13.5

e
REET R

]

b Ol~%Jof g%

JHIZ H

T =

=

380
10.6
12.7

6.5
8.4

= °|

2.0

[¢}

o] 3

5% (kgf)
260
5.7
8.0
10.1
12.1
3)

0|

A
E1] 3 (¢/o)

10

OO0kgf ©140kgf A260kgf [380kgf X S00kgf

140
5.1
72
9.3
11.6

0.5

4.5
6.7
8.8
10.9

7] 31(C/D)
0.5
1.0
15
2.0

{

24" 27] Y FEEUA

—

Fod, st 7hsiAl=

3|

O 1
e F

ohath ol T8

B

4

A,

5=, K :

°

a7 103}
A

A

1
T

VKA +qKA+y hA

D= SIS b BEYAL g

P

20 AT Ve

yxal

I

o

o
B

e

A

Vol 13, No. 4, July 2011 357



=i & Al sk S(keh)

(C/D) 0 140 260 380 500
0.5 4.5/4.5 5.1/5.1 5.7/5.6 6.5/6.1 6.8/6.6
1.0 6.7/6.8 7.2/7.3 8.0/7.8 8.4/8.3 9.0/8.8
1.5 8.8/9.0 9.3/9.6 10.1/10.1 10.6/10.6 11.2/11.1
2.0 10.9/11.3 11.6/11.8 12.1/12.3 12.7/12.8 13.5/13.3

14.0

13.0

120

110
E 100
35]1 9.0
0
ar 80

7.0

6.0

5.0

4.0

15 (c/D)

O okefldH) O 1a0keflHE) A 260kef(HH) U 3sokef(HY) ® sookeflHH)

Okgf{O| &)

= = 140kgf{O|@) T

260 kgf(O| &) ====330kgf(0] &) = * 500kgf(O|2)

358 s=EEIXEEZEEE=EE

a8 1. =7] A Hw(HH vs. 0



Zot MEEOM HY xt4-50] HEEE 23} 0»0] DX Y

4.2 0|371et Al

M) A 7

A M52 FHSRE E8 AFEAS] ASE Za ol ek MSKE Blsly] Slste] A
2 R TR WA ZokE ANENOR THE o419t mPARL
Raysiolc AR Auks A A4S Eakshs Auolq o] ol Al Aule} vlasl]
A A% ol TR QRS SRIshs o] Fewth

= e A42g wEkel ARtA] Eael Ag2e) 913, 2718 sl HA ol5iet

AR NS 2H ZAME o] eke] FAS SISk ) ol eSSk,

¢
for 0

ofi
_
2

() F ol A4 =4

Aol 2HA Hf o] o]4=9] f-F glo] WHo] SR fAE = Aol =ad
2 Q) o|2soto] Z|IES olulsh, Z|Y] o|2xeku} 2] uhgRte] Aol i ZAdAe] )
Z3} olpqfole}. webA thy F 7HA 24% shbs WSS 49, Y olefe g stk

- ARkl WhE o]t LF oA o]=to] F7Fsle] Peakoll T & ALy, A AR

Zol oAt} 27} B 7hadke Ao
- Peak7lo] ErgeslA ofg] oA ER1E H9oll= A 55U Aol A5H0s &9
]

==
5 AbaS ekl S Eld Aol o4t f A Ao

() AEAY A=
2} Case'dl 2/t o]4¢h Alelol 4 ATWISIE UPgwS FHOE JAER Zste] HEs)
2t WY olF(peakd B ) o] W] )R fFolt upyRe] wh) WA 5 glom
2 Foj o4} UM o] 5] Mgl AWHOR o)} ik, weh A% )
AP1E F)Eomsto] Bashglom, Hef ol =5 o) 5o Xk WP Fe AS Folo]
=D S|

WY AT FHOE B sk

rE
(e
rir
B
=
©
i

flo ok

() 27] P9 23AYY BE

"”‘ﬂ Lol A 0]"%‘0 o] o] IS fAIshs 271 WS 7IEe® SVl tisto]

aﬂ% HP%}EE AgRt 01% 27| TP= 71%—3 ol7IY ‘@.Oﬂ/ﬁ ST ol S7RES

Vol 13, No. 4, July 2011 359



E 1. 0|7t oMol =] 2E(kPa)

%3] 31(C/D)
0.5 1.0 15 2.0
27] upaker 45 6.8 9.0 11.3

421 NUE 0l471et A3

(1) Z ol

2} Caseol ] e} ol5:9Re Ev)11o] AFHISHITK Y 12). olefet Zake ugHolA] 713
A ol4e] grejo] Exlao] ols] AR 2 HolEe), E £t 4584 i of
Sk 27] uPgRre] Aol(E3} ol4ghE F/ISHACIGE 12)

SR 2719 SigAEe 4ot Egre) GO, ol4vler APl AT A o)t
27] uPgere] 2ol Anagnostou & Kovari(1994)7} AQHgh WEe) uPgeg melef A o] 2
E2 MAgsks uPg ARl olakFilter cake) FASH S1g ARORE MY 4 k. E
o1 Aolrk ESICD)E F7KREE APHOR Feke AL ESw(CD) 450 uhet g
ARe] AR ) 7155ete] S/ oju(iller cake) B4 917 22 MF ew F7t
Sk Az At

45.0

40.0 H

35.0 H

30.0

25.0

20.0

15.0

{1 /] 0] 42t [kpa)

arx
"o
Q

10.0

5.0
4.5kPa 6.8kPa

0.0

11.3kPa
9.0Kpa

0.5 1.0 1.5 2.0

H 12, EOj1Y =0} O|L(AHERE, kPa)

. =3 31(C/D)

0.5 1.0 1.5 2.0
B 45 6.8 9.0 113
A o]5=¢t 8.9 21.9 28.0 418
23} o]4=¢} 44 15.1 17.0 30.5

360 s=EEIXEEZEEE=EY



Zot MEEOM HY xt4-50] HEEE 23} 0»0] DX Y

Anagnostou & Kovari(1994)= A = e} go] yinpdzi(¢)o] 30°5 Aelsk= Heol

A, A S AR Qo] Isafety factor F=1)Q1 A8 #415 H sto] 27] wpgete] 5

712 7Fsk= 23} ¥ (excess pressure, Ap)S- 20 kPa ©|sl= FHslctal ST AA| o547}
Q] AT HaAl oA wahE o] o1 9J5fe] upAlHof| Rl olEl(27] WAl = BEQ+
M HEL}F 10~30 kPa A= =& OJ < Au Yol 7pskar 9k

AFAERRO 2 A o 7ieh Al el d Evj) uls- ke 0.5D(HOS)S A|2fet 37 Casee]

A 9] 371 ol 910-30 keael 4912 Sl vl 517 19 ke A9ACD
—05)9A1 AuFEel W19 F7} ol ek Zhshe Ao AlFaok Ak A& o 4 irk

@) AEAY

T 145 Ht o]k ExkAlo] A UGS el e ok Eul3 05D Alelsar u
W vect Su &0 Aukg7]7h WAIsech £l 0.5D(HOSS00L00)oNA] Heh o]4:q) WAy
o452 ool S s AT 01 m $1216] AR o} fslo] Aol sison

a8 13. X|ERE(H05S00L00)

2.0

1.5 1

1.0 1

0.5 A

X ®EHS| (mm]

0.0

Tunnel Face

-0.5

600 500 400 300 200 100 0 -100  -200  -300

Z 21X [mm]

a8 14, Z[o ool Mel XEHR(AEE)

Vol 13, No. 4, July 2011 361



@) olrE ¥4

e S Ao RO ol WA B ARl AREglon] Exzl we 49HCD-
0.5)°0 o7k A ol5ate] AR FEET CD7F 10 olgel A%, 4 sk Ay
wrk

e v o)) Az g s
79ke] BANA AT 4 Qe A= 27] BPgehe Eoknt grom Helsta s Aol

o] ) ol4:9re Hejste] wASA 17 159 Pk,

niﬁw
i
R
N
r jng
=
=2
J {
2
o,
ook
rlo
N
N
M
=2
X
10

& o] gk zlod Olér%‘(Ap)gl 3719} AR Zdke] AJasetat Aytzlo] drgst 4=
Lo C/D7} 0.5 7oA Ak X4*‘“(1 5 kPa)o] zko] o]4=QH(Ap =2.2 kPa)
2k Ao FolA Elo] BE HARE A BZ o]0 fEo| Wit Teu B3y} Al

; E=e ERE gy sy zse 20 012y
4kPa F8.oPa | 31 59 30.5¢Pa I 41.5Pa

3.9// 7.4 30.5 o =2 g

T80 23 4.4 =30 47 8.8
(a) C/D=0.5 (d) C/D=2.0
zeg S0 olg s e zeo EI RIS,
15. 1kPa T oteea 23 4 9.0 f 28.0kPa
AT I NEE I
EERE 15.2 o Lot aso amam 5.9 19.0 Eof 2ot zso
HE:2.00 AZ:250 39 74
(b) C/D=1.0 (c) C/D=1.5
R
a8 15, SEBolMel MEE 222X

362 s=EEIXEBZEEE=EY



Zot MEEOM HY xt4-50] HEEE 23} 0»0] DX Y

(M) F ol
Apge EYSIE F90] otk o7kt AFA Frh o)5:eke A4Fo] Gl FU Ev o]
Ae] Fe olpehrt W FA| ZAslo] AFOR QI3k 0|4t 7t AuE STt 4 gick
(17 16). ol2L o] HER WA AN ] o] B8] A gl s e gk

H 13, X552 Zo|, fxlof wE F i o]2(kPa)

A5 2ol
S Hla Z|tf o]k
0.5D 1.0D 1.5D 2.0D
H10S05 23.0 24.2 25.3 24.4 21.9
H15S05 325 33.1 342 32.2 28.0
H15S10 333 34.2 353 32.5 28.0
H20S05 42.7 45.2 43.8 43.0 41.8
H20S10 42.7 449 43.5 43.0 41.8
H20S15 441 45.2 432 43.0 41.8
T s [ T z
31 ofl -SAZkPa gl
I T &
% 220  F==s == === F = s == === % 300 % ____________________
B | e L
g E e i o

L05 L10 s L20 Los L10 s L20 Los L10 Lis L20

(a) H10S05 (b) H15805 (c) H15S10

H20500L00
418kPa

105 110 s L20 05 L10 L15 L2.0 Lo.s L0 £ L2.0

(d) H20S05 (e) H20S10 (f) H20S15

400

otz £0f 0|4 kPa]
apEre 2|0 0|4 [kPal
SpEE 2|0 0|52 [kPa]

a8 16. X529 20|, !X[ol WE Z|tf O|42(kPa)

Vol 13, No. 4, July 2011 363



AE ofulich 7 ol47E AR ZAHE Hl olpure Astel E 13 #%ﬂ‘iiﬁ}.
S5 TR AoV A olptlat £ol manel A S48 A ol
Hlasto] 713 170] EAISIEE A o)t F7HEL 42.1°¢] Aol gl APIER]A 2
Hof o]49RE VJEOR A4FE KSR FY Elmo] Hoh oj4gle] enh} F7hsglEA
MR Ul ALOR Ago] ofat At o] Z7MES trehith, BE CaseolA] 250]

Q= B9tk 2 olegtol JA WAISte] gl g A ol F7h EAE 1T 4

ﬁ,mo

ﬂllﬂl

§5

20
41

B S Ao] FRAOR X FiAHT S 2 ERARE b BEASS 34
shel Zc) ol4:gte] Z7hEln, o2 FET A9 ol HEolA FhR FsHe ol
8 9IS ST 4 glof BdT FuEANY SRS FUAYIT ABAS AN 4 9

1% 17914 Fh ol F7He-2 =5 e] kel 2.0D(H20)9 15D(HIS) o3t F X Lk
of |3k, HI0S0SL05E A|2I3t E5]317} 15D oJ}el 117 Caseoll A 2 o] Z7Hgol
11~26% =) Atk o] Fakt Enjurt e A9 g AW A 1354 W
uRel) Ah5] At o]4¢k Z7h A} SA BAYSY) holek. whebd We EviiolA] €
9 A ARE RRA BESEoR g o 49 27} ol4ihe @ 4 olrk Eww 15D
ofskel Aol Aol Lolrh B wpakel Awo 15DE 25t A ol4t F7hge] 1
b2 £33 15D ofskel Z9olt 15D =7)7h Aok
E3]37h & AQODNE BARE Ea QA Bhask RsstRE Aol ol4te] S7hgo] %
4% 2710l wet 2~8% AE= wo] 27 gtk

a9 179] AR Evu W 3550 91Xt ) o)4ek WEES Agstel 1Y

Oll

40%

—@—H10505 ——@—H15505 ==hA—H15510
35%
=<0==H20505 =<3=H20S10 =<==H20S15

30%

25%

20%

ol E718

15%

Z|ch

10%

5%

0% -

364 sS=EEIXEEZEEE=EY



i
fol

FAMEEOIM HY xt4-50] HEEE 23} 0»0] DX HE

186]) =AJakAct.

BT} AT A0 e HIONA 1% W Eo] 7h an] o] ojo] 2elis 2 2}
§lol 5~7%2] WEES Holx ¢lek. ol Avhe Enil WS A9 g Aw Aule] 75
QI 217] whiol] ofeifilier cake) WAA WAISHE 715410) WERE AtjH 02 F7kste] 4
& olgriere] Wlol= wizsl %%sm 59l Zo® wekEd.

©

14.0
12.0
< _
= 100 1
Hr
Ho
Tl 8.0
ol
{ 60 !
) 6 6
T 40 5 5
2
2.0
0.0 ‘ ‘ ‘ ‘
H10S05  H15S05 ~ H15510  H20S05 ~ H20S10  H20S15

5.00

—@— H10S05 =——@—H15505 =—A—H15510 | |

4.75

450 =<«O==H20S05 =1I*=H20510 =<==H20S15

7HH|

Klo 4.25

3

ol 400

<+

_____ LAkl T T ey
.=

A

L1} -
3.75 ===0

3.50 —

3.25

Z|ch of

3.00

0.5D 1.0D 1.5D 2.0D
SeamZ2| 37| L (D=0.3m)

3™ 19, X5 ZEA [0 O S7H|

Vol 13, No. 4, July 2011 365



A ™

7

b

—_—

Ao ol S7H(AEF) =

0% 4
iicd §ires

®)

i) e

R45] g0, ol ube A At FollA] 0|4 F/HAI} e B3 L5(HIS)O) B
slol Aol upl WaEo 2 AR ol ARE Solot BSol et AR F7k= Al
shoick

Aol B Auint B0 R g S ol4E HISSOSG-15914 Hef ol4:gtol 7bg
A ZA=gon Edat 10D o4 Aol Ase] ajeizba WelolAl Heh olete] 30%
ofoR A=A 2K 20).

45.0

E 40.0 335
= [359]
2 ‘/\‘\m
& o 22] l [z:2]
: 297 !
o I
w300 i
-V B i i e s e Bl Rl
E 25.0 i H15500L00
" .-ﬁl I
° S— ITunneIFace - 28.0kPa
20.0 l
G-1.5 G1.0 GO0.5 GO0.0 G+0.5 G+1.0 G+1.5
SeamZ 9| 2| K]
a3 20. X352 o|AHz2[of E =T 0|F2(kPa)
50%
T 0% [38%]
oﬁ 33%
I'<T0 30% zi% -
a1 L—_|22% ,_22—%_| 23%
ALPro [] []
o
——
=
* 10% 7
oo ]
G-1.5 G-1.0 G-0.5 G-00 G+0.5 G+1.0 G+15
SeamZ=29| 2| X|

ad 21, o|AAzZ|of E Ff ol BSIE(MEE 7I&E)

366 s=EEXEIEZEEE=EE



Zot MEEOM HY xt4-50] HEEE 23} 0»0] DX Y

g g mEA| ke Aok ulmE o) ol4te] S7188 13 210 EASST. Zd) of
9k S7HE 15D o)) 6%z A7) F71HA) glot o] FAYRFOR 10D ol iz A
7} maEY Aow whebE,

A5 oA Rle] ufE Qhalg F71= BTt ol AL 714 W 1.5DE A|9Jstat 3.5~4.0
Helol| B BESIL QTHE 22).

@) AEHY

AwHghs Bulie} j4Zo] A7), 917,
o fiRES] AlF CaseoflA] ZHbA o2 €Y upghd
Z31 QU™ 23, 24, 25, 26)

rlu
Y
S
i
s
9
=
pacs
)

gato] o|7|ejo] et

FHOoE T %o

%
2y
it

=
uj
b
2

filo

5.00
4.75

4.50 51
a0 G2 g
- o] _AT—
4.00 : 3.8

3 ;s S

31 350 43,3r
<F 325

S7H| [F]

3

S 300
=
T 27
2.50
2.25
2.00
G-15 G-1.0 G-0.5 G-0.0 G+0.5 G+10 G+l5
SeamZ 9| 2| X|
a3 22, o|AAz2|o| E [} O] B7tH|
50
'
—O - H10S05L05 | o
40 +— i =
o+ H10505L10 [
50 || =e&= H10s0s115
T —O—H10505L20
E 20 S .
F = =4 -
Ty .
il - ! [
gl o -Iﬁ‘ o= —0= LE
= -
K '—-@{’D
0.0 ,
A Il | Tunnel Face
a0 4 - - - - - - -
500 500 400 300 200 100 0 -100 -200 -300
Z=E LA [mm]

a8 23, Z|ti o|o ML X[EHP(H10S05)

Vol 13, No. 4, July 2011 367



5.0
—{F - H15510L05
4.0 | sesdes HI5510L10
=M= H15510L15
3.0
—_— o 15510020
E
_E. 20
o
gl
':H 1.0
K Tunnel Face
0.0
-1.0

600 500 400 300 200 100 o -100 -200 -300

Z7HR(A] [mm]

a% 24, 20 ool Mel X|EEHR|(H15510)

7.0
65 1| —o - H20505L05|
6.0
55 Jrereee H20505L10|
50 7| == zm= H20505L15
45
T 40 +|—o—H20s05L20
: I
E 35 ;
E £ .
!
25 -
1| , I
3-1 20 — -~ !
=15 ‘(/aé-—n :
K 15 -‘/c - /T "TunnelEace
I 0o < ||
05 (g a= T 1
0.0 | = t
05 :
500 500 400 300 200 100 0 -100 -200 -300
=72 [mm]

a8 25, [ ool X|®HP{(H20S05)

50 T

:
as | 015 coe0 _\,::n_;m
- (5-0.5 —r— (5-0.0 '

40 o605 == G410 '
: P
35 | —0—G+tl5s LA ~
30 e . by
I P Sk ST N )

o e (O AN

K| EHL| [mm]
: /F
; j

-100 -200 -300

SR [mm]

a8 26. Z[ti O]+olMe] X|EHL(H15505G)

368 simEUxsEZIsE =T



Zot MEEOM HY xt4-50] HEEE 23} 0»0] DX Y

oo

5.2 8

9 FAHEIE BRI
Sllol TS NSl ol 2lol et 2 AEs Easn

L ofmldddom e 7] ot S4 ddoM 27 TP FeEUAIE A8 EU

s Y1A19] Aol o AllEls o241 vl FARIA LT, ol7iel ole]

ol A] 4=k o] 47kt Aol A Heh o]k Exmo] Agules)
sl o] 419 Hlefakac). olefet 2w
s} Ex]30] ket (1E4t0] Z7kste] ol @S $is) HEol AR ol4hE FrKeihe

_
N
)
a
N
©
I
B
)
s
3
©
&
E)i
s
£
H1
Hr

J

3. 23} 0]4=9Fe. |1 0.5DE A3t 37 ASolA] 15~30 kPa <)ol SAIE|o] ALz A A
Anagnostou & Kovari7} A5t 23} of«=Qfat} AA| F2-GAR 2 Heiet |5kt

4. Au} 2j&==2 351 x|Hbol|A] 423051 o]dTe AsloA] AJRERLe & LAE] Ao R}
o olg=Qto] B A SAE ] S AX= QIgE o]t T7F BYE ERISHITh

5. BE9ja17} 1.5D ofstol| A A2 EFeh= AMEEA Ff o]t AFERRO R o]Fofx]
A[gtof A o] Zef o]« ET; 11~26% F7IstA e Eual 2.0DQ1 4-9-Eet A Tk

6. 23} olgte] Z7t At 7 & AeE2] A7) 1.5Do|n MAxisols 23t olagte] St
of F&Fo] A2 Aoe= welw ik

7. B 27] 9PERht Fdf o]t BlE eHdes AR 4= Sl AYAN ARy BY
oM ppFor sl = A QFdEo] 3.5~4.0 Hi 7S

8. Bt 2ol 1.5DoV ol AE A% 2l ol T7He0] 6% = Haskinh wEkA A
29| A7t F2Fe R 1.0Doluo]H X3} o]t F/MENE 7|dig 4 =8

9. AET o]7IeHA] HuE|dol|A FgAdo] 22 A8k Ylof| 2lrZo] ZAshs Qo) o]uly
Jo 2 Ak TF0] WljEo] gl Tishe 23} o] HSIE e # Qlown uhzk
= SHAE o= ek A9 A 7R B9l A ’gls 2o 1.0~1.5D, 0] 1.0D
olck.

r I

O

Vol. 13, No. 4, July 2011 369



=}
=

370 s=EEIXEEZEEE=EY

o Ed

Ao

L oJAFE(1997), EAAY Yejel o, SAZT AJE, pp. 18-89, 121-133, 268-277.
. O1E(2010), EHAT}, NS AE, pp. 349-353.

. Anagnostou, G., Kovari, K. (1994), “The face stability of slurry-shield-driven tunnels”, Tunneling

and Underground Space Technology, 9(2), 165-174.

. Anagnostou, G., Kovari, K. (1996), “Face stability conditions earth-pressure-balanced shields”,

Tunneling and Underground Space Technology, 11(2), pp. 165-173.

. COB Commissie (1996), “Inventarisatie ontwerp-methoden boortunnels voor weg-en rail-verbindingen”,

Technical Report L510-01.

. DUP Science (2001), Tunnel Face Stability & New CPT Applications, Delft University Press, pp.

5-26.

. Hazen, A.W. (1892), “Physical properties of sands and gravels with reference to their use in

filtration”, Report Mass, State Board of Health.

. Kanayasu, S., Kubota, 1., Shikibu, N. (1995), “Stability of face during shield tunneling - A survey

of Japanese shield tunneling”, Underground Construction in Soft Ground, pp. 337-343.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


